Primary biliary cholangitis (PBC) is an autoimmune liver disease that can lead to cirrhosis and liver failure. Our aim was to assess the recent trends in the mortality rates and health care utilization of patients with PBC seen in the inpatient setting in the United States. We used the National ( 
P rimary biliary cholangitis (PBC), formerly known as primary biliary cirrhosis, is an autoimmune liver disease involving small bile ducts in the liver.
(1,2) The disease is more prevalent among females, and patients generally present with fatigue, occasionally in combination with pruritus. (3) Although PBC is relatively rare, it is considered the most common autoimmune liver disease. In fact, some studies have suggested that the prevalence rates of PBC may be on the rise. (3) (4) (5) The disease is of multifactorial etiology with suspected contributions from genetic and environmental factors. The pathogenesis of PBC appears to involve T lymphocyte-mediated attack of the enzyme PDC-E2 found in mitochondria. (6) In PBC, small intralobular bile ducts are primarily affected and gradually destroyed, resulting in cholestasis and potentially leading to cirrhosis and liver failure.
(1, 7, 8) PBC is usually diagnosed by liver enzyme abnormalities and the presence of antimitochondrial antibodies in the absence of extrahepatic biliary obstruction or other liver disease. (9) Since the 1980s, ursodeoxycholic acid (UDCA) has become the mainstay for treatment of PBC. (10, 11) UDCA is not a definitive cure, but treatment can slow disease progression and delay the need for liver transplantation. (12) Additionally, obeticholic acid, a farnesoid X receptor agonist, has been recently approved for patients with PBC with inadequate response to UDCA and for patients who are intolerant to UDCA. (13, 14) Despite effective treatment for PBC, a number of these patients develop advanced liver disease and are listed for liver transplantation. The aim of this study is to investigate and quantify the economic and mortality burden of PBC in the hospitalized patients from the United States between 2005 and 2014.
Materials and Methods

stuDy population
The National (Nationwide) Inpatient Sample (NIS) is a large, nationally representative hospital discharge database developed by the Agency for Healthcare Research and Quality as part of the Healthcare Costs and Utilization Project (HCUP). (15) The NIS was designed to approximate a 20% stratified sample of all discharges from US community hospitals, excluding rehabilitation and long-term acute care hospitals, on a year-to-year basis. Beginning with 2012, the NIS was redesigned for more stable and precise national estimates of all HCUP participating hospitals rather than a sample of hospitals from which all discharges were obtained.
NIS data from 2005 to 2014 were queried in this study. All discharges with the diagnosis of PBC (International Classification of Diseases, Ninth Revision [ICD-9] code 571.6) using all listed diagnoses were included. In addition, patient demographics, characteristics of hospital, severity of illness, and resource utilizations were collected. Complications such as ascites, hepatic encephalopathy, portal hypertension, and gastroesophageal varices were also derived by using the ICD-9 codes (Supporting Table  S1 ). Deyo-modification of the Charlson Comorbidity Index (CCI) (16) was calculated. The major outcomes evaluated in this study were in-hospital mortality, total charges, length of stay (LoS), and total number of discharges in a year, together with their changes over the study period.
statistiCal analysis
The sample design elements (clusters, strata, and trend weights) provided by the NIS were used to create national estimates for the total number of PBC discharges and total resource utilization parameters across the study period. The standard errors of percentages/means were estimated using the Taylor linearization method, a method that incorporates the sample design. We calculated discharges per 100,000 in the population by dividing the estimated total discharges by US population estimates from the Census Bureau. The annual percent change for the full study period was calculated using Joinpoint software. (17) The term "increasing" or "decreasing" was used to describe whether the trends in the annual percent change (APC) was significantly different from zero; otherwise, the term "leveled off " or "stable" was used. The prevalence of various parameters, including aRtiCle inFoRmation: demographic parameters, resource utilizations and comorbidities, was compared over time using analysis of variance for continuous variables, the stratum-specific chi-square for categorical variables, and the method of weighted least squares recommended by HCUP for trend analysis. (18) Data were expressed as weighted means or percentages ± standard error. Multiple imputations were adopted to address missing data. Multiple imputations provide a valid and effective method for dealing with missing data, and is widely adopted in practice. (19) (20) (21) (22) All variables in our multivariable model and the sample design elements were included in the imputation model. The 20 imputed data sets were created using the Markov chain Monte Carlo (23) and fully conditional specification imputation method (24) recommended by HCUP. The hierarchical generalized linear model (HGLM) with hospitals as random effects was used to evaluate independent predictors of in-hospital mortality, total charge, and LoS. A sensitivity analysis was performed in the subset of patients with no missing information on variables in HGLM. All P values of 0.05 or less were considered as statistically significant. All analyses were performed with SAS software version 9.4 (SAS Institute, Cary, NC).
Results
tRenDs in pbC-RelateD DisCHaRges
Between 2005 and 2014, a total of 22,665 PBC discharges were reported in our study cohort. The PBC discharge rate per 100,000 in the population consistently increased from 3.24 in 2005 to 3.68 in 2014, with an average annual increase of 1.4% (95% confidence interval [CI]: 0.4%-2.4%). In females, the rate increased from 5.37 per 100,000 in 2005 to 6.20 per 100,000 in 2014 (APC: 1.4%; 95% CI: 0.1%-2.6%), whereas the rate was not increased in males (APC: 1.7%; 95% CI: −0.9%-2.6%) ( Fig. 1 and Supporting Table S2 ).
CHaRaCteRistiCs oF patients WitH pbC
Baseline characteristics of patients with PBC diagnosis are summarized in Table 1 . Most of the PBC discharges were older (average age 63 years), 76% were white, 84.4% were female, and 56.7% had Medicare as their primary payer (Table 1) . Patients between the ages of 45 and 65 years were the largest subgroup and comprised 38.37% of those with the disease. Table 2 reports the clinical characteristics of PBC discharges by comparing the weighted data for 2005 and 2014. Descriptions of the hospitals where patients with PBC were admitted are given in Table 3 . Most of these patients were hospitalized at large hospitals (65.0%) and teaching hospitals (55.9%) ( Table 3) . They underwent an average of 1.88 ± 0.04 procedures and had average charges of $56,400 ± $1,268, with an average LoS of 5.82 ± 0.07 days. The average total charge per discharge remained stable during the 2005-2014 period.
The average total charge per discharge adjusted for inflation leveled by 1.7% (95% CI: −0.2%-3.5%) per year between 2005 and 2014. In contrast, the average LoS decreased from 6.85 days in 2005 to 5.37 days in 2014, at a 2.2% average annual decrease (95% CI: 1.1%-3.2%) ( Table 1 ). The percentage of elective admissions also decreased (APC: 2.8%; 95% CI: 1.0%-4.6%). Approximately 76% of patients were discharged to home (routine: 60.6%; home health care: 15.8%), with 16% requiring disposition to skilled nursing or intermediate care facilities. There were no significant annual changes on the percentage of primary payer.
From 2005 to 2014, both the severity of illness and risk of death increased significantly (major or extreme from 55.0% to 66.6% with APC of 1.9% (95% CI: 0.7%-3.2%) and from 32.3% to 45.2% with APC of 3.7% (95% CI: 2.4%-5.1%), respectively. Despite that, the in-hospital mortality rate among PBC discharges decreased annually by 5.4% (95% CI: 2.4%-8.4%) ( Table 1) .
When patients with PBC were evaluated based on age, over the study time period, transplantation rates were higher among those younger than 60 years of age, compared with those over the age of 60. However, the transplantation rate among those younger than 60 years of age did not show a statistically significant change (Supporting Table S6 ).
Among PBC discharges, the percentage of patients with decompensated cirrhosis increased from 34.0% in 2005 to 39.9% in 2014 with APC of 2.2% (95% CI: 0.7%-3.7%). There was an increase in compensated hepatic cirrhosis from 5.0% to 11.4% with APC of 9.1%. The percentage of those with hepatocellular carcinoma increased from 0.7% to 1.8% with APC of 6.9% (95% CI: 2.8% to 11.1%), whereas the percentage of those with liver transplant remained stable. Overall, the most common complication seen was ascites, which accounted for 17.2%, followed by portal hypertension (16.0%), gastroesophageal varices (13.9%), and hepatic encephalopathy (13.4%) ( Table 2) .
Finally, there was an increase in the prevalence of ascites (16.0%-19.5%; APC: 2.9%), portal hypertension (11.7%-18.4%; APC: 5.8%), gastroesophageal varices (11.4%-14.4%; APC: 3.1%), hepatic encephalopathy (10.0%-16.5%; APC: 4.3%), and Sjögren's syndrome (1.7%-3.7%; APC: 5.7%) ( Table 2) . 
inDepenDent pReDiCtoRs oF total CHaRge
The upward trend for total charge in PBC discharges was statistically significant after adjustment for demographic, clinical, and hospital characteristics (percent change: 1.75%; 95% CI: 1.18%-2.33%) (Supporting Table S5 ). The adjusted total charge was found to be increasing by 22.57% (95% CI: 18.62%-26.65%) with ascites and 3.69% (95% CI: 3.01%-4.38%) with CCI. In addition, there were hospital region, size, and location variations in charges; compared with the Northeast, the West (percent change: 28.26%; 95% CI: 20.88%-36.09%) had higher charges, and the Midwest (percent change: −14.69%; 95% CI: −19.27% to −9.85%) had lower charges. Compared with rural hospitals, urban nonteaching hospitals (percent (Table 4) .
inDepenDent pReDiCtoRs oF los
The downward trend for LoS in PBC discharges was statistically significant even after adjustment for demographic, clinical, and hospital characteristics (percent change: −2.33%; 95% CI: −2.79%-1.86%). The adjusted LoS was found to be increasing by 29.70% (95% CI: 25.66%-33.87%) with ascites, 4.24% (95% CI: 0.54%-8.09%) with hepatic encephalopathy, and 3.94% (95% CI: 3.28%-4.60%) with CCI. There were also hospital region, size, and location variations in the LoS (Table 4) .
CompaRison oF meDiCaRe patients WitH pbC: meDiCaRe VeRsus nis Database
We compared Medicare patients from the NIS data set with Medicare patients reported previously. (25) The Medicare database reports cost per patient, whereas the Medicare-NIS database reports per discharge. Nevertheless, the data comparison between data obtained from Medicare database analysis and Medicare-NIS database analysis was identical (Supporting Table S3 ). This provides validity of the data analysis approach.
Discussion
We used a large inpatient database from the United States to assess resource utilization and mortality of patients with PBC. The data suggest that although the number of PBC-related discharges has increased in the United States between 2005 and 2014, outcomes such as LoS and in-hospital mortality have decreased. These positive changes may be attributed to better screening and earlier detection of the disease, which leads to more timely treatment. Furthermore, the availability and widespread use of UDCA might have led to better control of PBC; thus, fewer patients might progress to cirrhosis and liver failure. However, even though the LoS of patients decreased, the total charge per patient remained stable, which can be explained by either an increased number of discharges with PBC diagnosis or progression of disease to the point where it causes a certain level of expenditure even with decreased LoS.
An important finding of our study was the increase in the number of hospitalizations for PBC, from 3.24 per 100,000 in 2005 to 3.68 per 100,000 in 2014. There were 9,768 hospitalizations for PBC in 2005, which increased to almost 12,000 hospitalizations in 2014, a 1.4% annual increase. The annually increasing number may be suggestive of an increasing incidence and prevalence of the disease overall in the United States. (26) (27) (28) This is in line with other epidemiological studies that have shown similar findings. As the etiology of PBC is not definitively known, the results of our study may bring into question whether an increase in environmental exposures could be contributing to the greater disease prevalence. (29) (30) (31) (32) The increased prevalence may also be secondary to increased survival of patients, either due to improved care or earlier diagnosis. We see from our data that although the severity of illness and risk of death increased significantly, the in-hospital mortality rate among PBC discharges decreased by 5.4% during the 10-year period. This finding may suggest a positive trend of better diagnosis, awareness, and in-hospital management of the disease. In fact, this would also explain another finding of our study. Although the LoS of patients with PBC has been decreasing, the total charges for those individuals remain stable. It can be suggested that once PBC causes severe liver disease and results in cirrhosis and its complications, the health care expenditure associated with that condition remains stable, even with shorter stay, as shown in our study.
An alternative explanation for the increasing number of hospitalizations may be the failure of effective first-line treatment for patients with PBC. (26) (27) (28) In addition to higher prevalence and better detection, there is a possibility that treatment regimens may fail in a number of patients who end up in the inpatient setting with advanced liver disease with PBC. In fact, almost 40% of patients with PBC treated with UDCA fail to achieve optimal response and are at risk for progressive liver disease. (10, 11, (33) (34) (35) (36) Our study reveals that the severity of illness as reflected by higher CCI and risk of death for inpatients with PBC increased over the study period. This could indicate that patients with PBC requiring hospitalization may not be managed optimally in the outpatient setting, either because of failure of UDCA or underutilization of this treatment.
As mentioned previously, our analysis of resource utilization resulted in interesting findings. The average LoS decreased from 6.9 days to 5.4 days, consistent with recent efforts to reduce LoS for hospitalized patients. In contrast, the total charges per discharge of patients with PBC remained the same. Another important finding of our study was that Medicare was the primary payer for most of the patients with PBC requiring hospitalization, and the proportion of these patients increased by 12% between 2005 and 2014. These findings are important, given the fact that the prevalence and the number of discharges have been increasing, with sicker patient profiles and higher numbers of diagnoses, requiring higher number of procedures, all of which point toward a higher health care burden. In fact, a recent study among Medicare recipients showed that the resource utilization of patients with PBC has been rising parallel to the increase in disease prevalence, even though mortality rates have remained relatively stable. (25) Given that patients diagnosed with PBC are also more likely to have other autoimmune diseases as well, the increasing prevalence and costs of PBC could also preclude an increase in overall economic and social burden from other autoimmune disease. It is also important to note that previous studies have shown that treatment of PBC is cost-effective. (37, 38) In this context, identification of effective treatment of these patients with approved medication regimens may not only reduce mortality and morbidity, but also resource utilization and economic burden of PBC. Nevertheless, more data supporting these issues should be collected in the future.
To assess the accuracy of our analysis, we compared Medicare patients with PBC enrolled in two different databases. The study subjects from the current study were compared with another study of Medicare patients with PBC that was recently published using the Medicare database. (25) In this context, 56.7% of PBC discharges in the current study had Medicare as a primary payer. Most of the clinical and demographic parameters in the current study were similar to the previously reported data (Supporting Table S3 ). This provides validity of both analyses. In contrast, our estimated prevalence rate in the current study was lower than the previous study. There are multiple reasons for this difference, including the differences in study designs as well as statistical analysis.
Multivariable analysis results that indicate predictors of in-hospital mortality and the total charge for both studies are provided in Supporting Tables S4  and S5 . In this context, the calendar year was an independent predictor of total charges. Furthermore, this effect was present with or without adjusting for inflation, suggesting that the burden to health care costs is likely to be even more than reported. (25) It is plausible that the increased number of PBC patients discharged from hospitals may be simply a reflection of these patients having well-controlled liver disease, living longer, with lower liver-related adverse outcomes, which could have led to hospitalization for unrelated conditions such as cardiovascular disease, diabetes, renal insufficiencies, or cancers. Although this is possible, our study was not able to completely address this issue, which should be the focus of future investigation.
When interpreting these findings, we must acknowledge some inherent limitations of our study. First, we did not have outpatient data, which would add another aspect of the overall burden of PBC to society. Furthermore, we used ICD-9 coding for the diagnosis of PBC, and it is well known that the accuracy of disease coding carries the utmost importance for the reliability of the data. The prevalence of the disease might be underreported-and rarely overreported-due to coding errors in such data sets. Moreover, unique patient identifiers were not available in the NIS, which led to some patients being counted multiple times in our analysis.
In conclusion, PBC carries a significant and gradually increasing economic and social burden. The disease has become a frequent cause of liver morbidity and need for transplantation. However, as seen in other epidemiological studies, the incidence and prevalence varies greatly among studies and different populations. As more data are available, further research is needed to better delineate the incidence and prevalence of PBC, to fully appreciate its social and economic impact. Continued strategies to diagnose the disease early and treat with effective and approved medications may not only reduce mortality, but also resource utilization of patients with PBC. 
